BACKGROUND: Despite federal guidelines calling for the reduction of obesity and elimination of health disparities, black-white differences in obesity prevalence and in medical expenditures and utilization of health care services persist. OBJECTIVES: To examine black-white differences in medical expenditures and utilization of health care services (office-based visits, hospital outpatient visits, ER visits, inpatient stays and prescription medication) within body weight categories. STUDY DESIGN: This study used data from the 2006 Medical Expenditures Panel Survey (MEPS) and included 15,164 non-Hispanic white and non-Hispanic black adults. We used a standard two-part econometric model to examine black-white differences in how expenditures (total annual medical expenditures and expenditures for each type of service) vary within body weight categories. KEY RESULTS: Blacks in each weight category were less likely to use any medical care than their white counterparts, even after controlling for socio-demographic characteristics, perceived health status, health conditions and health beliefs. Among those who received medical care, there is no significant difference in the total amount spent on care between blacks and whites. Compared to whites, blacks in each body weight category were significantly less likely to use office-based visits, hospital outpatient visits, and medications. Among those who used medications, blacks had significantly lower expenditures than whites. Blacks in obese class II/III were significantly less likely to have any medical expenditures on inpatient care than their white counterparts. CONCLUSIONS: Black-white racial differences in total medical expenditures were observed in each body weight category and were significantly different in the obese I class, overweight, and healthy weight categories. Obese blacks also spent a smaller amount than obese whites-the insignificance might be due to the smaller sample size. These differences cannot be fully explained by socio-demographics, health conditions, or health beliefs. Black-white differences in medical expenditures may be largely due to relatively inexpensive types of care (office-based visits, outpatient care, medication) rather than more costly ones (inpatient care, ER).
INTRODUCTION
Reducing obesity and eliminating disparities in health care are national priorities identified in the U.S. Department of Health and Human Services' Healthy People 2020 initiative.
1 Obesity (defined as having a body mass index [BMI] ≥30 kg/m 2 ) affects one-third of adults, 2 is a leading cause of preventable death in the United States, is estimated to cost $147 billion annually, 3 and is highest in minority populations. 4 Within these minority populations, blacks are at particularly high risk.
Consistent with two decades of literature documenting racebased disparities in health care access and utilization across a broad spectrum of diseases and conditions, [4] [5] [6] [7] [8] racial disparities in obesity care have recently been explored. Wee et al.'s research (2005 indicates that white obese individuals spend roughly $600 more on health care than black obese individuals. 9 However, there is limited evidence as to why medical expenditures associated with obesity vary by race. What is available suggests that racial differences are partially due to clinical need and preferences for health care services, 10 and to other factors imbedded in health care systems such as geographic availability.
The purpose of this study was to examine whether blackwhite differences in medical expenditures and utilization of health care services (office-based visits, hospital outpatient visits, ER visits, inpatient stays and prescription medication) exist in each body weight category, and to explore the possible reasons of such differences. Our analysis is guided by two conceptual models: Andersen's Behavioral Model, 11, 12 which suggests that two major factors (environmental and population characteristics) affect health behaviors and utilizations; and the Health Belief Model developed by Janz and Becker, 13 which suggests that both the perceived benefits of using healthcare and the perceived barriers to using health care affect care utilization. We sought to explore the reasons for such blackwhite differences in obesity-related medical expenditures and utilization of care in the following dimensions: population characteristics include predisposing characteristics such as age, gender and educational level, enabling resources such as need to access these services as perceived by the individual and the provider; and beliefs in and attitudes towards medical care and insurance.
A better understanding of race-based disparities in obesityrelated medical expenditures may help facilitate more accurate projections of future medical costs and help to lead to the development of well-targeted and appropriately designd interventions to close gaps in access to medical care between blacks and whites.
METHODS

Data
Data from the 2006 Medical Expenditures Panel Survey (MEPS) were used to estimate obesity attributable expenditures by race and by body weight category. MEPS is an annual nationally representative large-scale survey of non-institutionalized Americans' health care expenditures and utilizations, conducted by the Agency for Healthcare Research and Quality. We use MEPS household component in this study: it is a household survey, using a nationally representative subsample of households that participated in the prior year's National Health Interview Survey. During the household surveys, one informed household member provides information about all household members on medical expenditures, which are then aggregated over a year and include those covered by insurance and those paid out-of-pocket. The MEPS also included information about health conditions (e.g., BMI) and socio-demographic characteristics (e.g., health insurance coverage, race/ethnicity, age, education and poverty status). Using computer assisted personal interviewing (CAPI) technology, we collected information about each household member. We restricted our analytical sample to non-Hispanic whites (hereafter referred to as whites) and non-Hispanic blacks (hereafter referred to as blacks). Participants who selfdescribed as white Hispanics or black Hispanics are therefore excluded from our study. We excluded individuals who did not have a measure of body weight (approximately 3% of the sample) or who were classified as underweight (approximately 3% of the sample). Our final analytic sample included 15,164 adults (aged 18 or above).
Measures
Outcome Variables. The outcomes of interest were total annual medical expenditures, and medical expenditures by service type (office-based visits, hospital outpatient visits, ER visits, inpatient stays and prescription medication). The total annual medical expenditures represents the accrued medical spending including inpatient hospital and physician services, ambulatory physician and non-physician services, prescribed medicines, home health services, dental services, and various medical equipment during the calendar year. It excludes over-the-counter medications and complementary and alternative medical care services. level, and heart diseases), and health status (self-perceived physical and mental health defined dichotomously where those with poor or fair status were compared to those with good, very good, or excellent status). All covariates were included based on previous research suggesting that they are associated with medical expenditures. 16, 17 The inclusion of health conditions allowed us to examine whether co-morbidities, rather than body weight, were responsible for black-white race differences in medical expenditures by body weight categories. Previous research has shown that clinical needs or preferences are difficult to measure directly, and suggests including several health status variables (gender, age, functional limitation, and self-assessed health scores) when using MEPS. 11 Finally, we also included four questions regarding attitudes towards medical care and insurance: Adults age 18 and over were asked whether they strongly agree, agree, are uncertain, disagree, or strongly disagree with each of the following statements: "I'm healthy enough that I really don't need health insurance;" "Health insurance is not worth the money it costs;" "I'm more likely to take risks than the average person;" and "I can overcome illness without help from a medically trained person." We created binary variables for each of the four questions, with "1" indicating "strongly agreed" or "agreed" responses, and "0" for the other response categories. A previous report found blacks were more likely than whites to feel they were healthy and did not need health insurance. 18 
Analysis
Building upon the approach used by Finkelstein and colleagues, 19 we developed a two-part model that included interactions between each weight category and the binary variable of "black." Including the interaction terms allow us test whether the effects of race vary by weight category. In the first part of the model, a logistic regression was used to estimate differences in the probability of utilization by race and obesity status, and in the second part of the model, a generalized linear model with a log link function and a gamma family distribution of the error term was used to estimate differences in the quantity of use (either in terms of dollars or amount of services) among those who used any care. The first part of the model estimated the probability that a person utilized any care. The second part of the model estimated medical care utilization or expenditures conditional on a person having positive utilization or expenditures.
To be able to examine dimensions of the black-white differences, we added the covariates in stages. First, we included socio-demographic factors as predisposing characteristics. Next, we included health conditions, behavior and perceived physical and mental health status as enabling resources as Andersen's Behavioral Model suggests. Finally, we added the four variables indicating one's attitudes towards medical care and insurance as suggested by the Health Belief Model (the full model). We then used the full model to further examine expenditures by specific services.
In a sensitivity analysis, we included SF-12 health status measures; both the Physical Component Summary (PCS) and the Mental Component Summary (MCS) of the SF-12 have been shown to improve predictions of medical expenditures. 20 We used age-specific, standardized PCS and MCS scores in the sensitivity analysis. Table 1 describes the unadjusted annual medical expenditures from 2006 by body weight category. Whites spent more on medical care than blacks in each body weight category, and the race difference in medical expenditures was statistically significant for those in obese class II/III and obese class I: whites in obese class II/III spent $1,792 more on annual medical care than their black counterparts (p< 0.01), and whites in obese class I spent $1,461 more annually (p<0.01). Blacks had a higher average BMI than whites in each body weight category, although this difference was not statistically significant. Tables 2 and 3 present the results of the three models examining the total medical expenditures. Odds ratios and 95% Confidence Intervals were presented for each variable, where odds ratios greater than 1 are consistent with a higher probability to use any care. All differences between estimates discussed in the text are statistically significant at the 0.05 level unless otherwise noted. Model 1 shows that blacks in obese class I, overweight, and healthy weight category were significantly less likely to use any care as compared to their white counterparts, after controlling for demographic and socioeconomic factors. Blacks in obese class II/III also had lower odds of using any care than whites in obese class II/III although the differences were not statistically significant. For example, blacks in obese class I had 43% lower odds of using any care than whites in obese class I, and blacks with a healthy weight had 58% lower odds of using any care than their white counterparts. However, when looking at the part 2 of the model 1, where a positive coefficient implies higher spending, blacks did seek care, there was no statistically significant difference in the amount of medical expenditures between blacks and whites.
RESULTS
Model 2 (Table 3) suggests that, significant black-white differences in medical expenditures persist even after controlling for health conditions, smoking status, and perceived physical and mental health. As compared to whites, blacks in obese class I, overweight, and healthy weight category again had significantly lower odds of using any care: OR=0.57 (CI=0.40, 0.81), OR=0.53 (CI=0.42, 0.67), OR=0.42 (CI= 0.33, 0.53), respectively for each weight category. Again, blacks in obese class II/III showed insignificant lower odds than whites in obese class II/III (OR=0.68, CI=0.45, 1.02). When blacks did use any care, they had lower expenditures; this difference was only significant for blacks in obese class I Table 3 ) included the four variables indicating one's attitudes towards medical care and insurance. Respondents who agreed to the questions of "I'm healthy enough that I really don't need health insurance" and "I can overcome illness without help from a medically trained person" were found to be significantly less likely to use care: OR=0.74 (CI=0.59, 0.92) and OR= 0.75 (CI=0.63, 0.89), respectively. When they did use any care, they had significantly lower expenditures: people who believed they were healthy enough and did not need health insurance spent 31% less and people who believed they could overcome illness without medical care spent 17% less. Including these health belief variables did not change our main findings: blacks in obese class I, overweight, and healthy weight categories were again found significantly less likely to use care than white counterparts.
With respect to the covariates, we found that age and gender were strong predictors of medical expenditures; older adults spent more than younger adults and females used more care than males. Similarly, we found that socio-demographic characteristics (e.g., poverty level, education, marital status, and census region) predicted medical expenditures and that health insurance was related to significantly higher likelihood of health care utilization. We also found that health conditions (diabetes, asthma, hypertension, high cholesterol level, and heart diseases), smoking status and perceived health status were all significantly associated with medical expenditures. Again, two of the health belief variables ("I'm The white reference group for each category is at the same body weight (e.g., black obese II/III compared to white obese II/III). In the part 1 of the model, we predicted the probability of incurring any expenditures; in the part 2 of the model, we predicted the amount spent on medical care, among those who actually had a positive spending. The demographic, socioeconomic and insurance variables are controlled but omitted from the tables due to space limit The white reference group for each category is at the same body weight (e.g., black obese II/III compared to white obese II/III). In the part 1 of the model, we predicted the probability of incurring any expenditures; in the part 2 of the model, we predicted the amount spent on medical care, among those who actually had a positive spending. The demographic, socioeconomic and insurance variables are controlled but omitted from the tables due to space limit healthy enough that I really don't need health insurance" and "I can overcome illness without help from a medically trained person") are significantly associated with less medical expenditures. Table 4 presents the results of the full model with expenditures of each service type as the outcome. After adjusting for all covariates presented in the full model (Table 3 : model 3), blacks were significantly less likely to have any office-based visits or hospital outpatient visits than whites in each body weight category (non-significant lower odds for healthy weight blacks using hospital outpatient care). For example, blacks in obese class II/III had 44% lower odds of having any office-based visits as compared to whites in the same body weight category (OR=0.56, CI= 0.40, 0.78). Among those who did have a visit, blacks spent a meaningfully smaller, but not significant smaller, amount: approximately 23% less expenditures than whites (Coefficient = -0.26, CI=-0.58, 0.07). Compared to their white counterparts, blacks in each body weight category were significantly less likely to take any medication, and when they did take medications, they took significantly smaller amount than whites (except for those with healthy weight). For example, blacks in obese class II/III had 53% lower odds (OR=0.47, CI=0.32, 0.67) of taking any medication than whites, and when they did spend on medication, they spent approximately 44% less amount (Coefficent = -0.58, CI = 0.87, -0.29). For inpatient services, blacks in obese class II/III were significantly less likely to have any medical expenditures on inpatient care than their white counterparts (OR=0.67, CI=0.45, 0.99). No significant black-white differences in expenditures on ER visits were observed. Figure 1a and b depict the estimated medical expenditures by service and by race.
After adjusting for all the covariates, whites in overweight, obese I class and II/III class significantly spent more on medications, office visits, and outpatient visits than their black counterparts. Overweight blacks spent more on inpatient than overweight whites.
Our sensitivity analysis of including age-specific, standardized PCS and MCS scores did not change the results of each of the models presented above, and therefore PCS and MCS were not included in the final models.
DISCUSSION
In this study, we examined factors that could explain the black-white differences in medical expenditures and service utilization in each body weight category, along the dimensions of predisposing socio-economic characteristics, perceived health, health conditions, and health beliefs. We found that blacks in obese I class, overweight, and healthy weight categories were significantly less likely to incur any medical expenditures as compared to whites in the corresponding body weight category. However, after adjusting for these covariates, the difference in possibility of having any medical expenditures between blacks and whites in obese II/III class was no longer significant, which is probably due to the small sample size in this weight category. Among those who used health care, the blackwhite difference always suggest that blacks used less but was significant only for those in obese I class. This suggests that black-white differences in total medical expenditures can be fully explained by the included covariates for those in obese II/III class, but not for those in obese I class, overweight, or healthy weight categories. Table 3 . Covariates are omitted due to space limits The white reference group for each category is at the same body weight (e.g., black obese II/III compared to white obese II/III)
To further investigate, we found that blacks were less likely to have office-based visits, hospital outpatient visits and medications than whites in each of the overweight, obese I and II/III class categories. While healthy weight and overweight blacks spent significantly more on inpatient and ER visits than whites in the corresponding weight categories. This suggests that black-white differences in medical expenditures are largely due to relatively inexpensive types of care (office-based visits, outpatient care, medication) rather than more costly ones (inpatient care, ER). Lower spending on office-based visits and medications among those blacks who already used such care may be an indication of low adherence among blacks. For example, poor adherence to medications among black hypertension patients has been well-documented. 21 Previous research indicated that blacks used less necessary care than whites, 22 which suggests that the racial differences we observed may be due more to blacks' underuse of care than whites' overuse of care. However, research also suggests that rates of obesity-care are low for both blacks and whites. 23 Assuming that obesity care is not optimized for blacks or whites, obesity expenditures and utilization may be low for both groups, making our finding of lower rates of spending among blacks particularly concerning, given their higher average BMI in each weight category. Also consistent with previous research, 9 we found that socio-demographic characteristics, health conditions, smoking status and perceived health status predicted medical expenditures and that health insurance was related to significantly a higher likelihood of health care utilization. An interesting contribution of this study is to include the health beliefs in the analysis, and we found that were associated with lower medical expenditures, but still did not explain away the black-white differences for those in obese I class, overweight and healthy weight categories.
There are several limitations to this study. First, our reliance on cross-sectional data limits our ability to make causal inferences. Secondly, MEPS data relies on selfreported height and weight, which may underestimate the obese population. Although one study reported that selfreported weight was larger in telephone interviews than in-person interviews. 24 Nevertheless, there is no nationally representative data set that includes both objectively measured height and weight and medical expenditures. The lack of direct measures of the operation of health care systems, the legal and regulatory climate, or discrimination 22 precludes us from further segmenting the factors associated with black-white differences in medical expenditures. For example, studies using data from the Behavioral Risk Factor Surveillance System survey have reported that racial perceived discrimination in health care was much more prevalent for blacks than whites or Hispanics. 25 
CONCLUSION
Black-white racial differences in total medical expenditures exist in each weight category, which are significant in obese I class, overweight, and healthy weight categories. These differences cannot be fully explained by predisposing socio-demographics, health conditions, or health beliefs. Blacks-white differences in medical expenditures may be largely due to relatively inexpensive types of care (office-based visits, outpatient care, medication) rather than more costly ones (inpatient care, ER). Our study suggests that blacks, although more likely to be obese or overweight, spent less on obesity-related medical expenditures than whites. Future studies should focus on the factors that contribute to these black-white differences in medical expenditures and service utilization. In particular, direct measures on health care systems and perceived discriminations that may explain such Table 4 ). The error bars represent the 95% confidence intervals.
differences are important. A better understanding in this area will help inform the development of interventions designed to close the gap in medical expenditures between blacks and whites.
